We propose a new method to estimate the Bondi (hot gas) accretion rates,Ṁ B , onto the supermassive black holes (SMBHs) at the centres of elliptical galaxies. It can be applied even if the Bondi radius is not well-resolved in X-ray observations and it is difficult to measure the gas density and temperature there. This method is based on two simple assumptions: (1) hot gas outside the Bondi radius is in nearly a hydrostatic equilibrium in a gravitational potential, and (2) the gas temperature near the galaxy centre is close to the virial temperature of the galaxy. We apply this method to 28 bright elliptical galaxies in nearby galaxy clusters (27 of them are the brightest cluster galaxies; BCGs). We find a strong correlation between the Bondi accretion rates and the power of jets associated with the SMBHs over four orders of magnitude inṀ B . For most galaxies, the accretion rates are large enough to account for the jet powers, which is in contrast with previous studies. Our results indicate that hot gas in the elliptical galaxies directly controls the feedback from the active galactic nuclei (AGN), which leads to a stable heating of the cluster cool cores. We also find that more massive SMBHs in BCGs tend to have larger specific growth rates. This may explain the hyper masses (∼ 10 10 M ⊙ ) of some of the SMBHs. Comparison between the accretion rates and the X-ray luminosities of the AGN suggests that the AGN in the BCGs are extremely radiatively inefficient compared with X-ray binaries in the Milky Way, even when their Eddington accretion ratio,Ṁ B /Ṁ Edd , exceeds 0.01. The corollary is that this ratio is not the only parameter which controls the radiative efficiency of the accretion flow. Lastly, we find a tight correlation between the Bondi accretion rates and the X-ray luminosities of cool cores. Their relation is nearly linear and the power generated by the Bondi accretion is large enough to compensate the radiative cooling of the cool cores. The results of this study demonstrate that the AGN feedback associated with Bondi accretion is essential to suppress cooling flows in clusters.
INTRODUCTION
Energetic feedback from active galactic nuclei (AGN) is thought to prevent the cooling of hot gas in galaxies and clusters of galaxies, delaying or suppressing star formation in these objects (Bower et al. 2006; Best et al. 2006) . However, the mechanism that controls the level of activity is not well known. The AGN located at the centres of the brightest cluster galaxies (BCGs) can play an important role in preventing the development of "cool-⋆ E-mail: fujita@vega.ess.sci.osaka-u.ac.jp ing flows", which would have developed in the absence of the AGN feedback (McNamara & Nulsen 2007) . However, AGN feedback in cool cores of clusters is often subject to a global thermal instability (e.g. Fujita & Suzuki 2005; Mathews, Faltenbacher, & Brighenti 2006) . Even if the thermal instability does not develop with the aid of thermal conduction or cosmic rays (Ruszkowski & Begelman 2002; Guo & Oh 2008; Fujita, Kimura, & Ohira 2013) , the AGN must respond quickly to the change of the environment (e.g. gas density and temperature) to maintain the balance between the heating and the radiative cooling.
The Bondi accretion (Bondi 1952 ) is a promising route c 0000 RAS for the gas supply to the central supermassive black holes (SMBHs) in the BCGs. Since accretion rate depends on the density and temperature of the surrounding hot gas (see equation 1), the AGN activity can respond accordingly to the change of the state of this gas. The AGN feedback to the Bondi accretion has been detected by studying 9 nearby, Xray luminous elliptical galaxies (not all of them being BCGs) with Chandra X-Ray Observatory (Allen et al. 2006 ); a correlation between the Bondi accretion rates (inferred from the observed gas temperature and density profiles, and SMBH masses) and the AGN power (in the form of relativistic jets) has been shown to exist. Successive studies have confirmed this correlation (Balmaverde, Baldi, & Capetti 2008; Vattakunnel et al. 2010) , although observational uncertainties exist (Russell et al. 2013) .
For BCGs in general, the correlation has not been firmly established, partly because observational uncertainties appear to be substantial due to the large average distance to the BCGs. Moreover, apparent jet powers seem to be insufficient to compensate for the radiative cooling of cool cores of some clusters (Bîrzan et al. 2004; Rafferty et al. 2006) . As an alternative to the Bondi hot gas accretion, cold gas accretion may work. In fact, cold gas has been detected in many elliptical galaxies including BCGs (e.g. Edge 2001; Werner et al. 2014) , and some of them even have cold gas discs Hamer et al. 2014) , which could power the jets. While the cold gas accretion is generally more efficient in producing the AGN radiation, the associated accretion processes could involve complicated physics, such as dynamical instabilities and disc cooling. Thus, it is not certain whether the AGN can respond sufficiently quickly and accordingly to the changes in the environment. Finally, no correlation between AGN jet power and total molecular gas mass is known to exist (McNamara, Rohanizadegan, & Nulsen 2011) , which suggests that accretion of the molecular gas does not control the AGN activities in BCGs at low redshifts.
In this paper, we investigate whether the hot gas (Bondi) accretion dominates in BCGs by studying the correlation between the accretion rate and the AGN jet power. We also compare the power available through the Bondi accretion with the X-ray AGN and cool core luminosities to study the radiation efficiency of the accretion discs and suppression of the cooling flows. For these studies, we devise a new method to estimate the Bondi accretion rate. The rest of the paper is organised as follows. In Section 2, we describe the details of our method to calculate the Bondi accretion rate. The data used in the analysis are presented in Section 3, and the results are provided in Section 4. Section 5 is devoted to discussion of the SMBH accretion and the heating of cluster cool cores. Our main conclusions have been summarised in Section 6. We assume cosmological parameters of Ωm0 = 0.3, ΩΛ0 = 0.7, and h = 0.7, which are often used in this field. Unless otherwise noted, errors are the 1 σ values.
METHOD
We assume that hot gas accretion onto the SMBHs at the centres of our sample galaxies is not dominated by the angular momentum and, therefore, take it to be sphericallysymmetric. The Bondi accretion rate is given bẏ
where M• is the SMBH mass, and ρB = ρ(rB) and cs,B = cs(rB) are the density and the sound speed at the Bondi accretion radius rB = 2GM•/c 2 s,B (Bondi 1952) . The coefficient λc depends on the adiabatic index of the accreting gas (γ) and we assume γ = 5/3 and λc = 0.25. The sound speed cs = γkBT /(µmp) is the function of gas temperature T , where µ(= 0.6) is the mean molecular weight, and mp is the proton mass. Equation (1) shows that the information on M•, ρB, and TB(= T (rB)) are required to evaluateṀB. Even with the superb angular resolution of Chandra, an expected Bondi radius of any system in our sample cannot be resolved. Thus, we need to extrapolate the density and temperature at the innermost measurement radius (r obs ) to those at the Bondi radius. In previous studies, the extrapolation was made by assuming a power-law for the density profiles and a constant temperature (Allen et al. 2006; Balmaverde, Baldi, & Capetti 2008) . However, it is not certain whether such an assumption is physically justified. Moreover, since the distances to the BCGs are generally large, this method could cause large errors. Thus, a more physical method for the extrapolation is required.
For this extrapolation, we made two assumptions. First, we assume that the hot gas outside the Bondi radius is in a nearly hydrostatic equilibrium:
where P (r) is the thermal gas pressure, and g(r) is the gravitational acceleration. Second, the gas temperature near the SMBH (i.e., at r ∼ rB) reflects the velocity dispersion σ or the virial temperature T gal,vir of the host galaxy:
where k is the Boltzmann constant. The second assumption is related to the first one, because the left-hand side of equation (2) is approximated by dP/dr ∼ P/r = nkT /r, where n is the number density of the gas, while the right-hand side is approximated by
where M (< r) is the gravitational mass within the radius r. The second assumption or equation (3) is consistent with X-ray observations for nearby elliptical galaxies (Matsushita 2001) . Although Matsushita (2001) have indicated that gas temperatures of the BCGs tend to be somewhat larger than the virial temperatures, this may be result of the low resolution of ROSAT satellite. In fact, recent Chandra observations of nearby BCGs have shown that the equation (3) is fairly satisfied (see Section 4). We assume that the temperature profile reflects the size of the galaxy and the profile between r = rB and r obs is given by
where T obs = T (r obs ) and Re is the effective radius (halflight radius) of the galaxy. Thus, the temperature decreases toward the galaxy centre. Once T (r) is determined, the Bondi radius rB can be derived by numerically solving the equation
for a given M•. The equation of the hydrostatic equilibrium (equation 2) can be written as
Since T (r) has been determined by equation (5), ρ(r) can be obtained by numerically integrating equation (7) and setting ρ obs = ρ(r obs ) and g(r). The electron number density is given by ne = ρ/(1.13 mp).
The gravitational acceleration g is given by three components, i.e., g = g• + g gal + g cl , where g• is the SMBH contribution, g gal is the galaxy contribution, and g cl comes from the cluster (Mathews, Faltenbacher, & Brighenti 2006; Guo & Mathews 2014) . Thus,
The acceleration from a galaxy with the Hernquist profile (Hernquist 1990 ) is
where M gal is the stellar mass of the galaxy, and rH = Re/1.815. The cluster acceleration for the NFW profile (Navarro, Frenk, & White 1996) is
where y = cvirr/rvir, and cvir is the concentration parameter. The cluster virial radius, rvir, is defined as the radius at which the average cluster density is ∆(z) times the critical density ρcrit(z) at the cluster redshift z:
For ∆(z), we use the fitting formula of Bryan & Norman (1998) : ∆ = 18π 2 + 82x − 39x 2 , where x = Ωm(z) − 1. To summarise, we require the parameters z, M•, M gal , Re, σ, cvir, and Mvir, and the boundary conditions r obs , ρ obs , and T obs in order to obtain rB andṀB. First, T (r) is determined by equations (3) and (5) for given σ, T obs , Re, and r obs . The Bondi radius rB is estimated by solving equation (6) for given T (r) and M•. Then, ρB = ρ(rB) is obtained by integrating equation (7) from r = r obs to rB using equations (8)- (11) for given T (r), M•, M gal , Re, Mvir, cvir and z. The Bondi accretion rate is given by equation (1).
DATA
We study 28 bright elliptical galaxies in clusters, for which central gas and excavated cavity properties are well-known (Table 6 in Rafferty et al. 2006 ). They are BCGs except for M84. The parameters for the gravitational potentials are shown in Table 1 . For the masses of the SMBHs, we adopt those derived by McNamara, Rohanizadegan, & Nulsen (2011). The masses were estimated using R-band absolute magnitudes (MR) obtained by Rafferty et al. (2006) . Since the errors in M• were not given, we take them as 0.5 dex, based on the dispersion around the observed MR-M• relations (e.g. McLure & Dunlop 2002) . The galaxy masses (M gal ) were estimated by Rafferty et al. (2006) using the R-band absolute magnitudes, and thus they are consistent with M•. The effective radii of the galaxies (Re) are from the 2MASS All-Sky Extended Source Catalogue 1 . We take the average of Re in the J, H and K-bands, and their scatter as the error. The velocity dispersions of the galaxies (σ) are taken from the HyperLeda database 2 . However, 12 galaxies have no data. For those galaxies, we use the error-weighted average of the remaining 16 galaxies (289.5kms −1 ) as σ, and the scatter of these galaxies, ∼ 289.5 km s −1 , as the error of σ (35.9 km s −1 ). The parameters for the clusters are also shown in Table 1. Most of them are based on recent X-ray observations. For the clusters with no appropriate X-ray data, we adopt the data obtained through lensing observations or kinematics of the member galaxies. For M84, HCG 62, and 3C 388, we do not consider the contribution of the cluster component to the total gravitational acceleration g, because M84 is not a BCG and there are no appropriate data for the other two. Since the errors of cvir and Mvir were not given for MS 0735.6+7421 (Molikawa et al. 1999) , they are assumed to be 0.3 dex. For Hercules A and Cygnus A, we use the cluster temperatures and the core radii obtained by Gizani & Leahy (2004) and Smith et al. (2002) , respectively. The temperatures are converted into the cluster masses Mvir by using the cluster mass-temperature relation derived by Sun et al. (2009) . The core radii (rc) are converted into the characteristic radii (rs = rvir/cvir) by using the relation of rs = rc/0.22 (Makino, Sasaki, & Suto 1998) .
The boundary conditions r obs , n e,obs (= ne(r obs )), and T obs shown in Table 2 are the same as those in Table 6 of Rafferty et al. (2006) . In their table, r obs , n e,obs , and T obs are represented by a, ne, and kT , respectively. Although Rafferty et al. (2006) give the average densities and temperatures for r < r obs excluding the AGN, most of the emission comes from r ∼ r obs , because the density profiles near the galaxy centres are not very steep (α 1 for ρ ∝ r −α ) as is shown later. In other words, the density profiles we have obtained do not produce excessively bright emission from the gas in the vicinity of the AGN, and appear to be consistent with the observations.
RESULTS
In Table 3 , we present the Bondi accretion radii, rB, the density, ne,B = ne(rB), and the temperature, TB = T (rB), at these radii. The Bondi accretion rates are also shown. The obtained Bondi radii are substantially larger than those in Rafferty et al. (2006) , because we adopt smaller TB. The uncertainties of the results were estimated using Monte Carlo simulations. We randomly perturbed each input parameter with a Gaussian distribution of the perturbations, which had an amplitude determined by the error bar of the parameter. We obtained 10 4 different realisations. Fig. 1 shows the density and the temperature profiles between rB and r obs . While the density profiles can be represented by a powerlaw for most clusters, some profiles show noticeable bends. This means that a power-law is not always a good assumption when extrapolating the density profile from r obs to rB. For nearby galaxies such as M84, M87, and Centaurus, the gas properties near the centres are observationally known (r obs ∼ 1 kpc). For these galaxies, the temperatures at r ∼ r obs are close to T0, which supports our assumption that the gas in the central region of a galaxy is close to the virial temperature of the galaxy.
The maximal power released from the neighbourhood of the SMBH through the Bondi accretion is
where η is the accretion efficiency assumed η = 0.1. We compare the Bond accretion power with the kinetic power of the jets, Pjet. We use the jet power estimated as the ratio of the enthalpy of cluster X-ray cavities to their buoyancy timescales (Rafferty et al. 2006; McNamara, Rohanizadegan, & Nulsen 2011) . The enthalpy is given by
where Ps is the pressure of the gas surrounding the cavity, Vc is the cavity's volume, and γc is the adiabatic index of the gas inside the cavity. Rafferty et al. (2006) and McNamara, Rohanizadegan, & Nulsen (2011) assumed that the cavities are filled with ultra-relativistic cosmic rays, which means that γc = 4/3 and Ecav = 4 PsVc. However, it was recently indicated that the cavities could be filled with low-energy cosmic rays from the spectra of radio minihalos (Fujita & Ohira 2012 , 2013 . In that case, γc is close to 5/3 and Ecav = 2.5 PsVc. Thus, we multiply Pjet in McNamara, Rohanizadegan, & Nulsen (2011) by 2.5/4, although the results are not much affected by this modification. Note that while equation (13) is appropriate for FR I objects (most of our sample galaxies), it may underestimate the jet power for FR II objects (Cygnus A) at most a factor of 10 (Ito et al. 2008) . Thus, Pjet for Cygnus A should be regarded as a lower-limit. We present Pjet and PB in Tables 2 and 3 , and display their relationship in Fig. 2 . A positive correlation between Pjet and PB can be clearly seen. We found that the Spearman's rank coefficient is 0.55. The probability that this is produced from a random distribution is only P null = 2.6 × 10 −3 . Using an ordinary least-squares bisector regression method (Isobe et al. 1990 ) and the code 3 , the correlation can be described as a power-law model of the form log Pjet 10 42 erg s −1 = A1 + B1 log
where A1 = −1.75
−1.24 and B1 = 1.22
−0.20 . The uncertainties were estimated by the Monte Carlo simulations. Fig. 3 shows that Pjet/PB 1 except for Hercules A (Pjet/PB = 16), which means that the Bondi accretion can power the jet activities in general, contrary to previous studies (McNamara, Rohanizadegan, & Nulsen 2011) . Note that Pjet/PB we obtained are much smaller than those in Fig. 2 of McNamara, Rohanizadegan, & Nulsen (2011), because they used the gas density and temperature at r = r obs and thus their resultingṀB is generally smaller than ours. Except for Hercules A, the power ratios are in the range of 10 −3
Pjet/PB
1 and ηPjet/PB shows the energy conversion efficiency from the rest mass energy of the infalling gas to the jet power. The reason why Hercules A exhibits a ratio that high can be related to the ongoing merger detected by the Hubble Space Telescope (O'Dea et al. 2013) , supplemented by injection of the cold dusty gas in the region of rB causing the hydrostatic equilibrium to be strongly perturbed.
DISCUSSION
The correlation between Pjet and PB shown in Fig. 2 and the fact that Pjet/PB 1, as shown in Fig. 3 , indicate that the jet activities of the SMBHs are controlled by the direct accretion of the ambient hot gas at rB ∼ 0.1 kpc from the SMBHs. This leads to the stable suppression of cooling flows in cluster cores (Section 1). Although the existence of the correlation in Fig. 2 is robust, it has a large scatter. This may be partly related to the uncertainties of observations. Allen et al. (2006) studied 9 nearby X-ray luminous elliptical galaxies and found a tight Pjet-PB correlation. However, Russell et al. (2013) , based on the revised analysis, indicated that the correlation is much weaker. 
studied the Pjet-PB relation over 2.5 orders of magnitude in Pjet, we studied the relation over 4 orders of magnitude (Fig. 2) , which may be the reason that we found the correlation in spite of the large scatter. Uncertainties in our model may also be responsible for the scatter. In the case of the Centaurus, for example, we predict that the gas density continues to increase and the temperature continues to decrease toward rB (Fig. 1) . On the contrary, the latest Chandra observations detected a flatter density profile and a slightly rising temperature at r 1 kpc (Russell et al. 2013) , which may be due to gas heating by the AGN. This heating may causeṀB to decrease at rB.
Equation (1) shows that the Bondi accretion rateṀB is determined by M•, ρB and TB. The correlation between M• and PB, and between ne,B and PB are noticeable (Figs. 4a  and 4b ). On the other hand, there is no correlation between TB and PB, and between M• and ne,B (Figs. 4c and 4d) . Therefore, the latter two parameters affectṀB independently. Since ne,B depends on n obs , the jet activity may be regulated by their past gas heating at r r obs . No detection of correlation between TB and PB (Fig. 4c) results from the scatter of T0 among our sample galaxies being small.
Studies have indicated that the properties of the accretion disc around a SMBH depend on the gas accretion rate normalised by the Eddington accretion rate (Narayan & McClintock 2008) ,
where ηr = 0.1 is the radiation efficiency, and L Edd is the Eddington luminosity: 
where A2 = −16.1
−3.0 and B2 = 1.45
−0.16 . The probability that this is produced from a random distribution is only P null = 1.5 × 10 −3 . The positive correlation reflects the 
e,B (cm relation between M• and PB shown in Fig. 4a . This is in contrast with the trend for ∼ 23,000 type 2 AGNs in the Sloan Digital Sky Survey (SDSS). Heckman et al. (2004) indicated that most present-day accretion occurs onto SMBHs with masses less than 10 8 M⊙, and the accretion onto more massive SMBHs is inefficient and, therefore, substantially sub-Eddington.
A simple explanation can be that the hot accretion flows in BCGs are maintained by continuous heating from the AGN. The gas accretion rate normalised by the Eddington accretion rateṀB/M Edd is proportional to the black hole specific growth rate R =ṀB/M•. Fig. 5 shows that the growth timescale (R −1 ) is smaller than the age of the galaxies (∼ 10 Gyr) for M• 3 × 10 9 M⊙, and the specific growth rate for the most massive SMBHs (∼ 10 10 M⊙) is R ∼ 1 Gyr −1 . Although it is not certain whether the high accretion rates are maintained for a long time, they might have caused rapid growth of those SMBHs. The hot gas accretion rather than cold gas accretion may lead to the formation of SMBHs with M• ∼ 10 10 M⊙. Fig. 6 shows the relation betweenṀB/Ṁ Edd and Pjet/L Edd . We find a positive correlation between them and the best fitting relation is
where A3 = 0.00
−1.00 and B3 = 1.45
−0.33 . The null probability is P null = 9.3 × 10 −3 . Fig. 6 demonstrates that the Eddington-scaled jet power (Pjet/L Edd ) increases as the accretion rateṀB approachesṀ Edd . The existence of the correlation among the above scaled values shows that the relation between PB and Pjet in Fig. 2 does not depend on the black hole mass alone (see also Fig. 3 ). For example, the underlying accretion disk properties can vary withṀB/Ṁ Edd (e.g. Narayan & McClintock 2008) , which may affect the jet production efficiency. It is interesting that MS 0735.6+7421 is just on the fitting-model line in Fig. 6 . Although this object has often been considered an exceptionally powerful AGN (McNamara et al. 2005) , it is actually normal in terms of equation (18).
On the other hand, we found that the AGN luminosities do not necessarily increase with the accretion rate ratioṀB/Ṁ Edd . In Fig. 7 , we present a plot ofṀB/Ṁ Edd versus LX/L Edd , where LX is the X-ray luminosity derived from the X-ray flux obtained by Russell et al. (2013) , except for Perseus (Table 2 ). The X-ray flux from the AGN in the Perseus cluster is too large to measure accurately (Russell et al. 2013) , and it is not included in the figure. Fig. 7 shows that the AGN are very dim and for most of them only upper limits have been obtained. The dashed line is the relation represented by
forṀB/Ṁ Edd > 0.01 and
forṀB/Ṁ Edd < 0.01, which is often applied to stellarmass black holes in the Galaxy (e.g. Narayan & McClintock 2008) . Fig. 7 shows that all the AGN in our sample are much dimmer than that relation and they are extremely radiatively inefficient, especially when compared to the X-ray binaries (e.g. Esin, McClintock, & Narayan 1997) . Although some of the non-detected sources could be heavily absorbed, it is unlikely that the absorption alone can explain the overall dimness of the AGN (Russell et al. 2013) . The dimness of the AGNs in elliptical galaxies has also been pointed out in previous studies (Di Matteo et al. 2000; Loewenstein et al. 2001; Pellegrini 2005; Balmaverde, Baldi, & Capetti 2008) . Fig. 7 shows that some galaxies have accretion rates that are even larger thanṀB/Ṁ Edd = 0.01, above which the accretion discs are expected to become radiatively efficient (Narayan & McClintock 2008) . Their low X-ray luminosities shown in Fig. 7 may indicate thatṀB/Ṁ Edd is not the only parameter that determines the radiative efficiency of accretion discs. BCGs at low-redshifts are immersed in the hot intracluster medium (ICM), which is being continuously heated by the AGN (otherwise cooling flows should have developed). Within this framework, the hot gas accretion may dominate and radiatively inefficient accretion may be allowed even ifṀB/Ṁ Edd 0.01. The statistical significance of the above effect, however, is not clear, as only 4 galaxies (MS 0735.6+7421, Zw 3146 , and A1835) exceed accretion ratesṀB/Ṁ Edd ∼ 0.01 by more than 1σ. Fig. 8 shows the Bondi accretion power (PB) and the Xray luminosity of the ICM inside the cluster cooling radius that is offset to be consistent with the spectra (LICM = LXc − L cool ). The luminosities are derived by Rafferty et al. (2006) ; LXc is the X-ray luminosity within which the gas has a cooling time less than 7.7 × 10 9 yr (the look-back time for z = 1), and L cool is the associated (cooling) luminosity of gas cooling to low temperatures, derived from the X-ray spectrum. Since L cool could not be determined for A1835 (Rafferty et al. 2006) , we assume L cool = 0 for the cluster. However, since L cool ≪ LXc for most other clusters, the assumption will not affect the results strongly. Fig. 8 indicates that PB and LICM are tightly correlated. It suggests strongly that the radiative energy loss of the cluster cool cores is being compensated by the AGN feedback fuelled by the Bondi accretion. The best fitting relation is log LICM 10 42 erg s −1 = A4 + B4 log PB 10 42 erg s −1 , (21) where A4 = −1.35 +1.31 −1.12 and B4 = 1.11 +0.10 −0.18 . The null probability is P null = 5.5 × 10 −5 . The index B4 is close to unity, which means that PB is nearly proportional to LICM. In general, the ratio LICM/PB is less than unity (Fig. 8) . Although the most probable value of Perseus shows LICM/PB > 1, the deviation from the line LICM = PB is small. The fact that LICM/PB 1 means that the Bondi accretion power is large enough to offset radiative cooling of the cool cores. Since LICM/PB ∼ 0.1 on average and η = 0.1, about 1% of the rest mass energy of the accreted gas that passed rB was used to heat up the cool cores. Fujita & Reiprich (2004) showed that no correlation exists between M• and LICM. This may indicate that the accretion rate fluctuates with time. Bîrzan et al. (2004) and Rafferty et al. (2006) compare Pjet with LICM and found a correlation between them. However, for a significant fraction of their sample clusters, they have shown that Pjet < LICM and that the jet power alone is not large enough to balance the cooling. Combining the relation Pjet LICM with our results Pjet PB (Fig. 3) and PB LICM (Fig. 8) , we obtain Pjet LICM PB. Assuming that LICM/PB of the Bondi power is used to heat the cool core, a large portion of the Bondi power (∼ (LICM − Pjet)/PB) may be transferred to the ICM through the form that does not appear in the jet power Pjet estimated from the cavity volumes (equation 13). This energy can be transferred by the cosmic rays escaping from the cavities (Guo & Oh 2008; . It is also likely that not all cavities have been observed and Pjet has been underestimated.
CONCLUSIONS
We have investigated the Bondi accretion onto the SMBHs in BCGs. For that purpose, we devised a new method to estimate the Bondi accretion rate even when the Bondi radius is under-resolved in the X-ray observations. Our method is based on two assumptions: (1) the gas is in nearly a hydrostatic equilibrium, and (2) the gas temperature is represented by the virial temperature of the galaxy near its centre.
We have applied our method to 28 galaxies and have obtained the Bondi accretion rates. We found a strong correlation between the Bondi accretion power and the power of the jets associated with the SMBHs. We also found that the jet power can be well supported by the Bondi accretion, in contrast with previous studies. These results indicate that the AGN feedback in the BCGs is controlled by the accretion of the surrounding hot gas, whose origin lies in a stable heating of the cluster cool cores. The specific growth rates of the SMBHs increase as their mass increases, which may explain the existence of hypermassive SMBHs (∼ 10 10 M⊙). The Eddington X-ray luminosities of the AGN are very small compared to their Eddington luminosities, even if the accretion rates are close to the Eddington accretion rate. This may suggest that massive gas accretion with a low radiative efficiency is realised in BCGs. Moreover, we have found that the Bondi accretion power correlates nearly linearly with the X-ray luminosities of the cluster cool cores. We have shown that the power is large enough to offset the radiative cooling of the cool core. These results indicate that the cooling of the cool cores is well balanced with the AGN feedback associated with the Bondi accretion. 
